INTRODUCTION
Since the end of the 19th century, there has been a long-standing debate about the fate of the mountain flora of the European Alps during the Pleistocene ice ages (reviewed in Stehlik, 2000) . Two contrasting scenarios of glacial survival of alpine plant species have been discussed, namely (1) total extinction within glaciated mountain ranges, survival in peripheral refugia, and subsequent re-immigration into vacant areas after the retreat of glaciers (tabula rasa hypothesis), and (2) long-term in situ survival in glaciated regions in isolated ice-free areas above the ice-shield (nunatak hypothesis).
The choice of tools for historical biogeographical investigations was limited before the development of molecular methods. Geographic mapping of macrofossils and pollen deposits documented large-scale postglacial plant migrations (Bennett & al., 1991; Lang, 1994; Burga & Perret, 1998) . However, the fossil record is limited in taxonomic resolution (Burga & Perret, 1998) . In addition, fossils of herbaceous and/or alpine plants are especially scarce. Earlier studies on alpine plants therefore mainly relied on their distribution patterns (Chodat & Pampanini, 1902; Briquet, 1906 ; Brockmann-Jerosch & Brockmann-Jerosch, 1926; Merxmiiller, 1952 Merxmiiller, , 1953 Merxmiiller, , 1954 . In support of the tabula rasa hypothesis, locations of peripheral refugia and postglacial migration routes into the Central Alps had already been proposed more than a century ago (Chodat & Pampanini, 1902; Briquet, 1906 to the tabula rasa hypothesis, genetic similarity among descendants of populations of particular peripheral refugia along re-immigration routes into the Alps should be comparatively high. Therefore, populations of peripheral refugia and of Central Alps would belong essentially to the same gene pool. As recurrent founder events should have taken place along re-immigration routes (genetic thinning), it is also expected that populations at greater distances from the periphery of the Alps should be genetically less variable than populations closer to peripheral refugia. Expectations according to the nunatak hypothesis are different (Stehlik & al., 2000) . High-alpine nunatak populations were probably small and isolated. Long-lasting isolation and inbreeding should have led to relatively low genetic variation within populations and to strong differentiation among populations on different nunataks. Therefore, populations from the Central Alps are expected to be genetically clearly differentiated from those of peripheral refugia. Moreover, discontinuously distributed groups, each characterised by genetically closely related populations, should be discernible. 
E HIGH-ALPINE ERITRICHIUM NANUM
The European endemic Eritrichium nanum belongs to a group of plant species reaching the highest altitudes in the Alps (2400-3600 m; Lechner-Pock, 1956; Fig.  2A ). It occurs mainly in exposed habitats, e.g., on ridges or summits. Eritrichium nanum is a perennial cushion plant with short flowering shoots and showy blue flowers pollinated by a wide array of insects ranging from syrphids to bees (Zoller & al., 2001 ). The species is mainly outcrossing, although it is self-compatible and produces viable seed upon self-pollination (Zoller & al., 2001 ). In the middle part of the Alps, its distribution covers areas with many postulated high-alpine nunataks (Stehlik, 2000; Fig. 1, red areas) . Based on all these facts, it appears possible that the species could have survived in situ in the most intensively glaciated regions during the ice ages.
In a first step, 20 mainly Central Alpine populations of E. nanum were investigated using AFLPs (Stehlik & al., 2001) . As cpDNA is non-recombinant, mostly maternally inherited and has a low mutation rate, it is more likely to retain ancient genetic patterns and to reflect historical processes than biparentally inherited nuclear markers (Comes & Kadereit, 1998) . At the same time, the geographic sample size was extended to the total distribution area of E. nanum, i.e., the whole Alpine arch with 37 investigated populations (Stehlik & al., 2002b) .
One cpDNA haplotype is most common and widespread ( in a patchy distribution of the divergent haplotypes. These populations harbouring divergent haplotypes are at the present time embedded as "islands" in a "sea" of the common black-circled haplotype (Fig. 3A) . Ten additional haplotypes were identified, differentiated by one to six mutations from the common haplotype (Fig. 3B) . Three regions contain more derived haplotypes ( Fig. 3A;  coloured 
E LOW-ALPINE ERINUS ALPINUS
The perennial herb Erinus alpinus (Fig. 2B ) has many contrasting characteristics as compared to Eritrichium nanum. It occurs at subalpine elevations, and its present distribution only rarely reaches above the maximum elevation of the ice sheet during the Pleistocene (Hantke & Jackli, 1978; Welten & Sutter, 1982) . The species' main distribution area lies in southwestern Europe (Meusel & al., 1978) . As E. alpinus is restricted to calcareous bedrock (Hartl, 1965) , it did not have the potential to survive on the mainly siliceous nunataks within the high Central Alps. There is a nearly continuous band of limestone from southern France to the northern Prealps in Switzerland, also extending further to the East. This almost completely coincides with the present distribution area of E. alpinus in Central Europe, including its occurrence in southern France (Meusel & al., 1978) . This distribution pattern corresponds to the theoretically expected postglacial immigration route of E. alpinus from southern France northwards. Brockmann-Jerosch & Brockmann-Jerosch (1926) therefore formulated the hypothesis of glacial survival of E. alpinus in southern France with subsequent (re-)immigration into its present-day Alpine distribution range after the ice ages. Nevertheless, the species also occurs on some proposed northern Alpine peripheral refugia (Stehlik, 2000; Fig. 1) , and in situ glacial survival cannot be ruled out completely on these latter mountain peaks.
The results of AFLPs gave a strong phylogeographic signal, whereas there was no genetic variation detected by PCR-RFLPs of cpDNA (Stehlik & al., 2002a) . Three clearly differentiated genetic groups were found among the 22 investigated populations: (1) central Swiss populations (Fig. 4; blue) , (2) individuals from Mt. Rigi (Fig. 4; small (Fig. 4) . Subsequently, southwards migration from the prealpine lowlands and recolonization of the Prealps took place resulting in the present distribution of E. alpinus (Fig. 4) . A slightly, although significantly lower level of AFLP fragments per individual in the east than in the west of the west-eastern group also fits this hypothesis (Stehlik & al., 2002a) .
The investigation on E. alpinus demonstrates how two different processes acting over different time scales can shape a species' regional genetic composition. The populations of E. alpinus surviving in northern peripheral refugia have to be dated back at least to the last interglacial period (60,000-28,000 y BP), whereas the immigration from southern France took place not before the retreat of the glaciers at 14,000 y BP.
* SNOW-BED SPECIALIST RUMEX NIVALIS
In the dioecious, wind-pollinated perennial Rumex nivalis (Fig. 2C) , 1999) . In the present study, the majority of the investigated populations were sampled within a radius of only 150 km, and the high haplotype variation is strongly geographically structured (Stehlik, 2002) . Populations at and near the northern border of the Alps are richer in both the total number of haplotypes and the number of private haplotypes, i.e., haplotypes which occur in just one population (Fig. 6A) . This pattern is also reflected by a group of haplotypes (B, E, F, and K) occurring in the haplotypically rich popula- tions (Figs. 6A, B) . Otherwise these northern Alpine haplotypes only occur in neighbouring populations of these haplotypically rich populations (Figs. 6A, B) . The patchy distribution of haplotypes, the high haplotype diversity, and the high number of private haplotypes at the northern periphery of the Alps support glacial survival of R. nivalis in northern peripheral refugia and a colonization of populations towards the Central Alps (Fig. 6D). One  group of haplotypes (C, G, and D) is most distant from all other haplotypes (Fig. 5) . These three haplotypes are confined to a geographically restricted region in the Central Alps (Fig. 6C) . Haplotype A co-occurs with haplotypes C and D in certain populations (Fig. 6C) . Haplotype A is also closely related to the C-G-D-group (Fig. 5) . Judging from the regional distribution of haplotypes A, C, D, and G, nunatak survival of R. nivalis is suggested in the Central Alpine area containing these derived haplotypes (Fig. 6D) . This Central Alpine region was formerly not recognised as a nunatak area (Stehlik, 2000) . The results of R. nivalis illustrate how strongly dependent the phylogeographic signal is on the type of molecular marker system used (no conclusion based on biparental AFLPs, strong patterns based on uniparental cpDNA). Furthermore, they show how diverse and complicated the Pleistocene history of an alpine species in a comparatively small area can be, and, thus, how important dense sampling is (Stehlik, 2002 ).
*
GENERALIST SAXIFRAGA OPPOSITI-FOLIA Saxifraga oppositifolia (Fig. 2D) is a long-lived perennial forming loose cushions (Webb & Gornall, 1989) . Stems of S. oppositifolia usually bear single, mostly outbred protandrous flowers; selfing is, however, possible (Gugerli, 1997) However, these genetically distinct populations as detected with RAPDs are different ones as compared to those harbouring the two rare RFLP-haplotypes (Fig. 7) . Taken (Figs. 4, 6D) , whereas others span larger mountain areas as the southern Valais for Eritrichium nanum (Fig. 3A) , the central part of northern Alps for Erinus alpinus (Fig. 4) , and a region in the Central Alps for R. nivalis (Fig. 6D) (Fig. 4) , or, over shorter distances, R. nivalis from the northern Prealps into the Central Alps (Fig. 6D) . There is clear evidence that both postglacial immigration and in situ survival shaped the genetic constitution and the present distribution pattern of at least E. alpinus and R. nivalis. It is therefore probable that the nunatak and the tabula rasa hypotheses are too simplistic to describe the rich diversity of glacial and postglacial processes. It rather appears that the glacial history of each species is to a certain degree unique and influenced by its composition of ecological demands or breeding systems. 
